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MICROELECTROPHORESI S 
IMPORTANCE AND USES I N  

OF HUMAN ERYTHROCYTES: 
OBSTETRICS AND GYNECOLOGY 

I. Sagone, U. Arrot ta  

ABSTRACT. On the  bas i s  of already acquired ideas  about the  
subjec t ,  t he  authors study the  e lec t rophore t ic  behavior of 
blood c e l l s  during the  menstrual cycle ,  i n  both normal and 
p i tho logica l  pregnancy, and i n  gynecological a f f ec t ions  
whether of inflammatory nature o r  comprising benign o r  . 

malignant tumors. They describe t h e  method used i n  d e t a i l ,  
and place great importance on same f o r  c l i n i c a l  diagnosis. 

Introduction 

During a symposium i n  London i n  1963 on t h e  electrophoresis of erythro- /11r 

cytes ,  one of the pa r t i c ipa t ing  au tho r i t i e s ,  Ruhenstroth-Bauer from Germany, 

s t a t ed  t h a t  "cell e lec t rophores i s  is i n  an evolutiTnary phase, comparable t o  

man's puberty, when it is impossible t o  determine the  'exact moment i n  which 

he becomes an adu l t ,  but i t  is poss ib le  t o  s ta te  t h a t  he is gradually moving 

toward maturity." 

This science, i n  f a c t ,  born f i r s t  as a means of study t o  determine the  

surface charge of erythrocytes ,  today is  considerably surpassing the  boundaries 

which it  had f ixed ,  and is becoming more important. 

Therefore what is, today, t h e  meaning of electr ,ophoresis of erythrocytes? 

I t  represents  t he  only method t o  e s t a b l i s h  t h e  type of an i so l a t ed  ce l l  

submitted t o  a minimum of ex terna l  influence. Most of the  methods used t o  

type a ce l l  employ morphologic cr i ter ia  f o r  such measurements. However, the  

determination of the  charge i n t e n s i t y  of c e l l u l a r  membranes by electrophoresis 

represents  a functional means, although morphologic and functional concepts a r e  

t i g h t l y  bound i n  t h e  f i e l d  of molecular biology, 
x 

. A ce l l  can be typed by determining the  dens i ty  of the  e lc t rophore t ic  charge, 

because t h e  great majority of c e l l  types examined to da te  show values which 

are c h a r a c t e r i s t i c  and show very small va r i a t ions  within the  same ce l l  type. 

* Numbers i n  t h e  margin ind ica t e  pagination i n  t h e  fore ign  text. 
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'Similarly,  the configuration of the charge of the  cel l  surface shows a w e l l  

defined genetic condition. 

However, the  cha rac t e r i s t i c  charge densi ty  is not s u f f i c i e n t  t o  differen-  

t i a t e  those types of cel ls  which, f o r  example, have an iden t i ca l  charge density. 

In  t h i s  connection i t  is s u f f i c i e n t  t o  submit these c e l l s  before e lec t ro-  

phoresis t o  biochemical and biophysical treatment i n  order t o  induce character-  

i s t i c  changes i n  the electrophoret ic  mobility. This happens, f o r  example, t o  

hepatic cells  i n  rapid procreation and t o  a s c i t i c  cells  of the  hepatoma which 

can be e lec t rophore t ica l ly  d i f f e ren t i a t ed  after incubation with neuraminidase, 

the enzyme which metabolizes the N-acetylneuraminic acid c13. A l l  t h a t  has - /I19 
been sa id  permits us  t o  hope t h a t  i n  the  fu ture ,  by applying su i t ab le  agents 

t o  the cel l  membranes, i t  w i l l  be possible  t o  type a l l  the  d i f f e ren t  cells and 

produce an anatomic atlas on ce l l  eledtrophoresis.  

This p o s s i b i l i t y  of ce l l  typing opens two fu r the r  f i e l d s  of application: 

one i n  theo re t i c  biology and the  other  i n  p rac t i ca l  c l i n i c a l  work. 

I n  f a c t ,  these changes which might be induced i n  ce l l  e lectrophoret ic  

mobili ty by biophysical and biochemical means, permit us t o  deduce other  f ac to r s  

on the nature of membrane s t ruc ture ,  The same thing i s  a r e a l i t y  i n  the 

c l i n i c a l  diagnostic f i e l d  of applica$ion of t h i s  method. When i t  w a s  d i s -  

covered tha t  c e r t a i n  diseases  are accompanied by cha rac t e r i s t i c  modifications 

of the electrophoret ic  mobili ty of erythrocytes,  t he  electrophoret ic  study of 

these c e l l s  became a prbmising diagnost ic  method. 

His tor ica l  Notes on the Microelectrophoresis of Red 
Blood Corpuscles 

The movement of cel ls  suspended i n  a f l u i d  and submitted t o  the ac t ion  

of an e l e c t r i c  f i e l d  is defined as c e l l  e lectrophoresis  c2, 31. 

Though the  f i r s t  observations on t h i s  phenomenon go back t o  the beginning 

of the l a s t  century (Reuss, 1808; Quincke, 1861) and the research done by 

Helmoltz between 1871 and 1888 had already given a p ic ture  of the theory of 

e lec t rokine t ic  movement within the  ac tua l  l i m i t s  C41, ce l l  e lectrophoret ic  

phenomena w e r e  applied prof i tab ly  t o  the  d i f f e r e n t i a l  analysis  of various 

cell  groups only by Northrop and Kunitz i n  1925 C41 and then perfected by 

Abramsom, Briggs and Ponder c5; 6, 71 i n  1929, 1950 and 1955. 

The first study of red blood cells was- done in  various phases by a certain 
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number of scholars ,  such as Abramson, Moyer, Furchgott, Gorin and Ponder 

C89 9, 1210 

In 1929 C81, it w a s  .es tabl ished t h a t  erythrocytes  of mammals have a 

negatiye charge, t h a t  they move i n  an electric f i e l d ,  and t h a t  t h e  mobili ty 

v a r i e s  from type t o  type,  is constant f o r  t h e  same type and not influenced by 

t h e  dimensions o r  by the,form of t h e  red blood cells. 

The mobili ty of human erythrocytes has been ca lcu la ted  as approximately 

1.3 micron per  second per v o l t  per  centimeter;  t h e  mobili ty of erythrocytes  of 

r abb i t s ,  p igs  and guinea-pigs is lower; +,hat of t h e  monkey, t h e  hamster and t h e  

cat higher;  and t h a t  of t h e  rat and t h e  mouse s i m i l a r  t o  man.  

Furchgott and Ponder i n  1941 establ ished t h a t  t h e  surface of erythrocytes - 

is l a rge ly  composed of 1 ip ids .wi th  a predominance of phosphorylated acid groups 

Clll. 

tha t  

[121 

# 

In another study, Abramson, Gorin and Ponder (l9@), came t o  t h e  conclusion 

t h e  surface of erythrocytes  is wavy and depressions not deeper than 1 A 

can be found, 

0 

Various groyps of researchers  have recent ly  discovered t h a t  t he  e lec t ro-  

negative charge, c h a r a c t e r i s t i c  of red corpuscles, is due i n  p a r t  t o  carboxylic 

groups of N-acetylneuraminic.acid. 

phoretic research em a series of erythrocytes  of d i f f e ren t  types of animals 

C13, 161, Moreover, t he re  is another possible  contr ibut ion on t h e  pa r t  of t h e  

This has been demonstrated i n  e lec t ro-  

alpha-carboxylic group of t he  glutamic acid [17]6 

Some in t e re s t ing  da ta  have been co l lec ted  by studying t h e  changes i n  

mobili ty caused by ant ibodies  or by v i ruses  absorbed on t h e  surface by erythro- 

cy tes  [ la,  191, and from t h e  changes of t h e  surface induced by X-ray rad ia t ions  /120 

or  chemical substances [ZO, 2118 

membrane has 6een t h e  subject  of ca re fu l  research [ lop 223, 

L 

The i s o e l e c t r i c  point of t h e  erythrocyt ic  

However, it is 

d i f f i c u l t  t o  determine, because et t h e  pH, which is necessary t o  produce an 

inversion of t h e  electric charge sign, t h e  erythrocyte is destroyed. 

and Ponder, however, bel ieve t h a t i t h e y  can f i x  t h i s  point at  pH 2 o r  lower C71. 
Ponder 

P a r t i c l e s  s i m i l a r  i n  diameter t o  erythrocytes,  suspended i n  e lectrophoret ic  

so lu t ion  and i n  condi t ions very c l o s e  to physiologic ones, ,have an e lec t ro-  

phoretic mobili ty which depends, above all,  on t h e  nature  of t h e i r  l i n i n g  and 

not on t h e  form, dimensions or o r i e n t a b i l i t y  i n  an electric f i e l d  C23, 241. 
$ 1 1  ' I  
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The mobili ty of erythrocytes suspended i n  a given buffer is reproducible and 

cha rac t e r i s t i c  t o  a given type, but va r i e s  from type t o  type of animals c14, 251. 

In  the case of human red blood ce l l s  the  mobility i n  physiological solut ion or  

i n  phosphate buffer has been demonstrated t o  be independent from the system 

of blood co l lec t ion  and from the  anticoagulant used C24, 261. 

force (> 0.1) erythrocytes show l i t t l e  change i n  the electrophoret ic  mobili ty 

A t  a high ionic  

when r e l a t i v e l y  high quan t i t i e s  of nonspecific proteins  are present C241. 

these conditions i t  has been demonstrated tha t  mobili ty is not influenced by 

albumin, casein,  ge la t in ,  f ibrinogen and hemoglobin [231, 

In  

Electrophoretic Mobility of Erythrocytes i n  Various 
Cl in ic  and Experimental Conditions 

F ie lds  of appl icat ion of microelectrophoresis of erythrocytes a re  many, 

whether i n  experimental research on laboratory animals or  i n  c l i n i c a l  research 

on man. 

I n  the  following paragraphs w e  s h a l l  b r i e f l y  examine a l l  t he  p o s s i b i l i t i e s  

of the method's appl icat ion,  and w e  s h a l l  point out t he  most important r e s u l t s  

achieved to  da te  by researchers from a l l  over the world. 

1. Electrophoretic Mobility of Erythrocytes i n  
Laboratory Animals 

As w e  have already mentioned, t he  microelectrophoretic mobili ty of 

erythrocytes i n  the rabbi t ,  p ig  and guinea-pig, ip lower than tha t  of erythro- 

cytes  i n  man; on the o ther  hand, the  red c e l l s  of the  monkey, hamster and cat 

move with a speed higher than human erythrocytes; l a s t l y ,  erythrocytes of the  

r a t  and mouse behave, e lectrophoret ical ly ,  l i k e  those of man C81. Therefore, 

rats and m i c e  are those animals which, with respect  t o  man, furn ish  the  most 

i n t e re s t ing  resu l t s .  

In  experimental pathology very important are the  da ta  obtained i n  v i r a l  

leukemia of the Friend and Shay type of the mouse: 

a f t e r  i n j ec t ion  of the v i rus  and a t  the  same t i m e  a s  the appearance of 

splenomegaly, an increase of the  electrophoret ic  mobili ty of erythrocytes 

can be observed C27, 28, 291. Analogously, r e s u l t s  of great importance have 

been o,bserved a f t e r  t o t a l  rad ia t ion  i n  rats with 400-800 r. 

of the animals t rea ted  i n  t h i s  .way increased ' t h e i r  speed of movement. 

approximately three w e e k s  

Erythrocytes 

Th i s  
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does not happen i f ,  before rad ia t ion ,  the  rats are splenectomized. This 

behavior. is not t i e d  t o  a c t i n i c  denaturation of t h e  ce l l  membranes of red 

corpuscles, because the  r ad ia t ion  of ra t  blood samples with equal doses of r, 

does not bring about any va r i a t ion  of speed i n  the  blood cells with respect  

t o  those not radiated E281. 

2. Modifications i n  the  Electrophoretic Behavior of 
Erythrocytes by U s e  of Chemical Substances and Enzymes 

Electrophoresis permits u s  t o  ' e a s i ly  obta in  information on t h e  composition /121 - 
and s t r u c t u r e  of t he  membrane of red corpuscles without having to  refer t o  

great a l t e r a t i o n s  o r  des t ruc t ion  of t he  c e l l u l a r  organism C241. 

Electrophoresis of erythrocytes can be applied a f t e r  chemical substances 

or enzymatic reac t ions  have acted upon t h e  cel l  sur face ,  modifying p a r t  of its 

s t ruc tu re ,  the  chemical composition, o r  the 'e l ' ec t r ic  charge c301. A' typ ica l  
. .  

example is given by the  treatment of erythrocytes with formaldehyde. This 

substance causes g r e a t  e l ec t rok ine t i c  s t a b i l i t y  of t he  erythrocytes by the  

formation of crossed p ro te in  bonds between the  i n t r a c e l l u l a r  pro te ins  and 

those of the  membrane, bonds which eliminate the  p o s s i b i l i t y  of hemolysis 1311. 
I 

Erythrocytes t r ea t ed  i n  t h i s  way, do not, show any change i n  t h e  e lec t ro-  

phoretic mobility even when modifying the  pH and t h e  ionic  force  of the  l i qu id  

so lu t ion  [311. 
aldehyde of even a s m a l l  quant i ty  of hemolysin, r e s t o r e s , t o  each pH and t o  

each value of ion ic  fo rce  the  c h a r a c t e r i s t i c  va r i a t ions  of the  e lec t rophore t ic  

The addition t o  a suspension of erythrocytes t r ea t ed  with 

mobility of the  c e l l s ,  completely s imilar  to those of untreated erythrocytes 

i 3 1 .  
cy tes  which, i f  w e  consider t h a t  they do not undergo modifications i n  t h e  

e lec t rophore t ic  mobility even after being t r ea t ed  with acetaldehyde, 2-4 d in i t ro -  

fluorobenzene and p-loluenesulfonylchPoride, w e  can conclude t h a t  they behave 

e lec t rophore t ica l ly  as a macropolyanion C321, 

This p a r t i c u l a r  behavior excludes any ca t ion ic  character of t he  erythro- 

. -. 

The va lua t ion  of t he  pK i n t r i n s i c  t o  anionic groups of the  normal human 

erythrocyte ,  a t  an ion ic  force of 0.145 grams-ions-liter, is approximately 2.5 

and t h a t  of human erythrocytes kreated with formaldehyde is approximately 

2.6 - 2.8 t o  values of i o n i c  fo rce  from 0.0029 t o  0,145 grams ions  l i p s  C171, 

The presence of these  groups'of s t rong  acids-was *observed by Furchgott 
I t , .  



and Ponder i n  1941,iwhothought t h a t  t h e  charge or iginated from groups of 

phosphoric phospholipid acids,' more prec ise ly  from a cephalin-Cll]. -. 

_. 

More recent ly  it has. been demonstrated t h a t  the e l ec t rok ine t i c  modifications 

of the erythrocytes der ive  from sialo-mucose ac ids  C171. 

The mucins of t he  erythrocyt ic  membrane, containing s ia l ic  acid a r e  known 

as i n h i b i t o r s  of v i r a l  hemagglutination C17I. 

S i a l i c  acid has been i so l a t ed  i n  c r y s t a l l i n e  form from the erythrocytary 

stroma by many authors c33, 341, 

These researches made Klenk (,1958) think t h a t  the  negative charge of the 

erythrocytes could be a t t r i bu ted  t o  an acetylneuraminic acid c351. 
of N-acetylneuraminic acid on the  e lec t rophore t ic  surface- of the  red corpuscles 

has been establ ished above a l i ,  by the reduction of t hemobi l i t y  a f t e r  the  

removal of the  s i a l i c  acid r e su l t i ng  from treatment w i t h  neuraminidase C171. 

The presence 

The normal erythrocytes and those t rea ted 'wi th  aldehyde are responsive 

to  the ac t ion  of neuraminidase, an alpha-glycocide capable of l i b e r a t i n g  

N-acetylneuraminic acid from the  proper glycol ipin,  peptide o r  pro te in  

subs t r a t a  Cl7, 351. 

The removal 

erythrocytes  has 

of the  N-acetylneureinic  ~ c i d , . w h i c h  i n  the  case of human 

t h e  following s t r u c t u r e  
\ 

_ .  

_ _ _  ------ 
I I------- - - . CHOH 

i. I , *  

. I  
: HOI-H 

I '  

- . .  H '  . -  HO 

brings. a reduction of the .e lec t rophore t ic  mobili ty of erythrocytes equal to - /122 

80% of t he  normal value c151. The neuraminidase extracted from Vibrio 

cholerae and from pneumo.coccus removes approximately 95 t o  100% of the 

N-acetylneuraminic acid of human erythrocytes C141, From the  s tud ie s  of 

Eylar e t  a le  (1962) it seems probable t h a t  t h e  membrane of human erythrocytes 

is impermeable to neuraminidase as it is to N-acetylneuraminic acid l14I0 
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The pK of the  N-acetylneuraminic acid has been calculated by Svennerholm 

(1956) t o  be approximately 2.6 C36I. The proteinases ( f i c i n ,  papain, t r i p s i n )  

free mucoids containing N-acetylneuraminic- acid from the  erythrocytes E37, 381. 
The l i b e r a t i o n  of these  s i a l  substances is accompanied by changes of the  

mobili ty of erythrocytes C161. Ponder (1951) f o r  t h e  f i r s t  had observed the 

decrease i n  mobili ty which happens after the  treatment of human erythrocytes 

with t r i p s i n  C391. 
brings t h e  removal and/or production of active ion izable  groups a t  the l eve l  

of t he  sur face  of t h e  erythrocyte; 

Probably t h i s  behavior is t i e d  t o  t h e  pro teo lys is  which 

The importance of t h e  above-mentioned f a c t o r s  arises when w e  consider 

t h a t  t he  presence of N-acetylneuraminic acid seems indispensable t o  the  

appearance of the antigens of  the^ M and N blood groups C b 3 ,  and t h a t  these. 

ant igens are destroyed by a l l ' t h e  p ro teo ly t i c  enzymes except alpha-chemostripsin 

C411. 
of the  Rho (D) antigen C421. 

Moreover N-acetylneuraminic acid seems t o  form the  determintng group 

Therefore the  removal of t he  s ia l  substances from t h e  u l t r a s t r u c t u r e  

of t he  erythrocyte by the  p ro teo ly t i c  enzymes should diminish the  a f f i n i t y  of 

the  red corpuscles because of the  antibody R h  (D) C171. 
0 

3. Influence of Antibodies on the  Electrophoresis of 
Red Blood C e l l s  

The e lec t rophore t ic  mobili ty of the  red cells  is reduced a f t e r  treatment 

with antibodies. 

and successively t r i e d  out  by various o ther  researchers (Sachtleben and 

Ruhenstroth-Bauer, 1962) c22, 431. Sachtleben (1965) considers t h a t  t he  

mechanism of charge reduction by the  antibodies cons i s t s  of t h e  f a c t  t h a t  the  

molecules of the  antibodies cover the  negative charges o f  the  cel l  surface. 

The thickness of t h e  antibody molecule is approximately 40 A. 

p a r t  of t he  c e l l  sur face  and the  electric charges joined t o  i t  cl21 are 

therefore  too much below the  new e l ec t rok ine t i c  sur face  t o  be able  to  influence 

the  e lec t rophore t ic  po ten t i a l  1441. 

This w a s  demonstrated f o r  t h e  first t i m e  by Coulter (1921) 

0 

The covered 

"4. Virus Influence on the  Electrophoretic Mobility of 
Human Red Blood C e l l s  

__ - - _ -  - - - -  
Haning (1948), f o r  t he  first t i m e ,  s tud ied  . t h e  . -  . .  hemagglutination - -  by virus by 

I '  

means of ce l lu la r  e lec t rophores i s  C183. H e  found a diminution i n  the  mobility 
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of human red corpuscles t r ea t ed  with the PR8 inf luenza virus .  

the erythrocytes  t rea ted  with v i rus  ,cannot absorb v i ruses  a second t i m e ,  permits 

the hypothesis t h a t  there  are pa r t i cu la r  s t ruc tu res  ca l led  f 'receptors" on the  

erythrocyt ic  surface capable of catching the  v i rus .  

enzymatic act ion,  t he  l f receptors l t  are destroyed by the  f r ee ing  of neuraminic 

acid (Klenk, 1955). The neuraminic acid has, under normal conditions,  a f r e e  

The f a c t  t ha t  

A s  the  v i rus  has an 

carboxylic group. The l o s s  of these charges is indicated as the  most probable 

cause of the diminution of mobili ty of the  red corpuscles C451. 

5. Electrophoretic Mobility of Human Erythrocytes 

Many authors have t r i e d  t o  e s t ab l i sh  the  value of the normal e lec t ro-  - /la3 
phoret ic  mobili ty of human erythrocytes at  pH 7. 
1-31 f 0.02 v/sec-volt-cm; Furchgott and Ponder 1.02; C r a g e r ,  Tully aikd Hansen, 

using a buffer  a t  pH 7.35, obtained 1.31 -I 0.04 f o r  the A and B groups; 

1.52 f 0.09 f o r  0 group and 1.37 f 0.05 f o r  the  AB group. 

Abramson obtained, 

Rottino and Angers obtained 1-32 f 0.05 i n  a group of 121 persons and 

successively 1.27 f 0.05 i n  a second group of 76 persons C461. 

Further research by many authors es tabl ished t h a t  the  e lec t rophore t ic  

mobili ty of human erythrocytes is considerably lower during pregnancy, i n  the  

case of chronic inflammatory processes o r  i n  p a t i e n t s  with malign neoplasias,  

while i n  pa t i en t s  w i t h  benign tumors the  values are normal C461, 

General Pr inc ip les  of C e l l  Electrophoresis C471 

Most of the i so la ted  cells which are suspended i n  s u i t a b l e  so lu t ions  take 

an electric charge which can be pos i t i ve  or  negative according t o  the  nature 

of the ce l l s  and t o  c e r t a i n  c h a r a c t e r i s t i c s  of the  suspension f l u i d ,  but w h i c h  

has always the  same s ign  f o r  a l l  the  cel ls  of the'same type. Naturally, t o  

t h i s  charge, a charge with the  opposite s ign i n  the  p e r i c e l l u l a r  stratum of 

the suspension f l u i d  must e x i s t ,  Introduced i n t o  an electric f i e l d ,  each 

#par t ic le ,  if  it is free t o  move, migrates toward the electrode w i t h  the  

opposite s ign  (when din electric current .  is introduced, what counts is the  

po ten t i a l  d i f fe rence  per centimeter,  o r 9  as w e  say, the  f i e l d  s t rength  and 

not the  i n t e n s i t y  of the cu r ren t lo  

The charge of the cells refers, as we'have sa id ,  to an ionogenic quota of 

I t  I 

I I (  l p  
8 
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the  same, linked t o  some surface proteins. In  i t s e l f  t he  e l e c t r i f i c a t i o n  of 

t he  sur face  p ro te in  molecules has t h e  same o r i g i n  as any type of salts: only 

t h a t  t he  p a r t i c u l a r  nature of t h e  r ad ica l s ,  present i n  great  number on t h e i r  

surface (NH, -COOH, -NH, -OH, -SH), and the fact  t h a t  the e l e c t r o l y t i c  

d i ssoc ia t ion  of them is influenced d i f f e r e n t l y  by the  reac t ion  of t h e  means, 

make it so t h a t  t o  every value of pH corresponds t h e  d issoc ia t ion  of a category 

and of a well-defined number of ionogenic groups. I t  follows t h a t  the  

r e s u l t i n g  charge can be negative, t h a t  is, it determines migration i n  the  

.anodic d i r ec t ion  ( i n  a lka l ine  environment), pos i t i ve ,  with cathodic migration 

( i n  acid environment), or zero. 

mobility is equal t o  zero and the  value of pH i n  which t h i s  immobility is 

observed, t h a t  is, the  poin t  a t  which t h e  balance of opposite molecular e l e c t r i c  

forces  i s  establ ished,  represents  t h e - i s o e l e c t r i c  po in t  of the  cell .  The 

more w e  move f u r t h e r  away from t h i s  value whether i n  the  sense of an increase 

I n  t h i s  last case t h e  e lec t rophore t ic  

i n  concentration of t he  hydrogen ions o r  i n  t h e  sense of a diminution of %he 

same, the  greater the  charge w i l l  become, of which t h e  molecular cons t i tuents  

of the cel l  a r e  vec tors ,  and consequently the  greater . w i l l  be the  migration 

speed. 

The r a t i o  between the  e l ec t rok ine t i c  proper t ies  of a molecule and its 

charge is rendered more d i f f i c u l t  by the  f a c t  t h a t  the  ionized molecule, i n  

order t o  r ees t ab l i sh  i ts  n e u t r a l i t y ,  enc i r c l e s  i t s e l f  with a quant i ty  of 

electro-equivalent ions of the opposite s ign  furnished by the  suspension f l u i d ,  
. _  

ions which arrange themselves around t h e  cell  ---_-_ and tend  _ _  , to 'migra te  i n  t h e  . .__. 
opposite d i r ec t ion ,  therefore  checking t h e i r  movement. 

For t h i s  reason the  migration speed ia never t h e  one t h a t  can be 

calculated,  on the bas i s  of Stokes's l a w ,  from the charge of t he  ce l l ,  but - /124 

lower, even when t h e  dimensions of t he  c e l l  are such t h a t  they cannot a l ter  

the  d i s t r i b u t i o n  of the  f ie ld , ' s  l i n e s  of force. 

I n  addi t ion  t o  the concentration of hydrogen.ions (pH), t h e  e lec t ro-  

phoretic mobili ty of a cel l  depends on the  quant i ty ,  t he  s t r eng th  and t h e  

nature of the  ions present i n  the  solut ion.  

Therefore t h e  e lec t rophore t ic  mobili ty of a ce l l  depends on t h e  pH, the 

ion ic  fo rce  (es tab l i shed  by t h e  concentration and *s&ength of fhe  ions ) ,  and 
.- 

- .  



the naiure  of the ions  of ' the so lu t ion ;  t h a t  is, each value of mobili ty ex- 

pressed generally i n  volt/cm, i n  order t o  have v a l i d i t y  must be accompanied 

by the  indicat ions of these data. 

Moreover it is indispensdble t h a t  the environmental temperature be kept 

constant as much as possible  and t h a t  a l l  the readings r e f e r  t o  a standard 

temperature, normally +25OC. Variations of temperature might br ing about 

changes i n  the v i scos i ty  of t he  suspension l i qu id ,  with a l t e r a t i o n  t o  the 

migratory speed of the cells. 

Basical ly ,  the  apparatus f o r  c e l l u l 8 r  e lectrophoresis  cons i s t s  of a 

t ransparent  chamber with metal e lec t rodes  i n  which w e  can observe, through a 

microscope, a suspension of p a r t i c l e s  i n  determined conditions. The method 

was conceived by E l l i s  (1911-12) C481, The chamber is normally made of glass  

and may be cy l ind r i ca l  o r  rectangular ,  though a ' t r iangular -sec t ion  type was 

described by Mitchell (1948) C24, 491. 

The electrodes most f requent ly  used f o r  buf fers  having an ion ic  force  

lower than 0.1, are of platinum. For higher ionic  forces  the  electrodes used 

are of Zn/ZnSOq o r  CU/CuSO 

and of Ag/AgCl (James, 1957) r.501. 
(Abramson, 1929)., of Hg/Hg(NO ) ( B r i g g s ,  19401, 4 I .  3 2  

Purpose of the  Research 

Based on the premises mentioned i n  the f i r s t  p a r t  of t h i s  work, w e  s tudied,  

i n  order t o  iden t i fy  a l l  possible  and p a r t i c u l a r  aspects ,  the  behavior of 

e lec t rophore t ic  mobili ty of the red corpuscles of women i n  various physiological 

and pathological conditions r e l a t i n g  t o  t h e  branch which is of i n t e r e s t  t o  us. 

W e  have therefore  examined the proceeding of e lectrophoresis  of human 

erythrocytes : 

' (a )  during the  menstrual cycle;  

( b )  during pregnancy, whether normal o r  complicated by eclampsia, , 

in t ra -u te r ine  death of the f e tus ,  t h r e a t  o f -abor t ion ,  Rh isoimmunization, I 

ves icu lar  mole; 
. ) _  

\ 

( c )  tardy pregnancy; 
I I 

(d) during labor  and confinement;, I ' I  , ,  

$ 1  

10 



(e )  i n  gynecological inflammatory diseases ,  benign or malign tumors. 

Moreover, i n  some cases w e  examined electrophoret ic  behavior of f e t a l  

red corpuscles drawn from the umbilical cord a t  the  momelit of bir th .  

Some of the  topics  examined by us have been d e a l t  with by other  authors. 

Abramson C81 found electrophoret ic  values,  considered by him as normal, 

i n  four  women who had completed the  gestat ion period, and concluded tha t  

pregnancy does not influence the electrophoret ic  proper t ies  of red corpuscles. 

Rottino and Angers c461, with a to t a l  of approximately one hundred 

women examined, concluded t h a t  the electrophoret ic  mobili ty of human red 

corpuscles a t  p H  7 begins t o  be l o w e r  than normal (1.13 f 0.03 k/sec/volt/cm) 

from the  f i r s t  weeks of pregnancy and remains such u n t i l  approximately 24 hours 

a f t e r  b i r th .  

e lectrophoret ic  mobili ty of the blood cells increases  up t o  1.28 f 0.02 

v/sec/vol t / c m  

M;)reover9 the s h e  authors confirm t h a t  i n  gravida1 toxemia the  

Rottino and Angers C5l1 a l so  s ta te  t h a t  i n  gynecological malign tumors' - /l25 

the electrophoret ic  ve loc i ty  of the erythrocytes is considerably lower than 

normal (0.89 +/sec/voPt/cm) while i n  cerv ica l  inflawnations the  electrophoret ic  

values f luc tua te  around 1,lk p/sec/voPt/cm. ' 

Equipment and Methods 

1. General 

Red corpuscles w e r e  co l lec ted  from 151 individu'als (120 women and 31 

fe tuses) .  The blood w a s  extracted by a pr ick  i n  a vein  i n  the a r m  or  d i r e c t l y  

from the  cu t  fun ic le  and put  i n t o  polyethylene tes t  tubes containing, as 

anticoagulant,  ethylenediaminotetracetic acid, One CC. of blood of each 

withdrawal w a s  washed three  t i m e s  with PO cc. of physiological s a l i n e  solution. 

Immediately before Qeginning the  electrophoret ic  tests, with a p ipe t t e  f o r  

white globules, 2 mm of washed red corpuscles w e r e  taken, which w e r e  mixed 

with 25 cc. of Michaelis phosphate buffer  a t  an ion ic  force  of 0.172 and a t  

2 

pH 7. 

The technique employed by us  has been the  one described by Angers and 

Rottino Cg23, using the Ponder vertical electrophoret ic  cel l  b u i l t  by the  

Fisher Sc ien t i f i c  Company of New York and allowed.to be used by us by the  

11 



Societa Polichimica SAP of Milan. To adapt t h i s  apparatus t o  our needs w e  

joined i t ,  i n  series, with a 25 milliampere amperometer, with a resistance 

of 4250 ohms, with a 2500 ohms potentiometer and with a po la r i ty  converter,  t o  

be used i n  case of necessity. The poten t ia l  used w a s  155 v o l t  and the current  

was 8 milliampere. The microscopic u n i t  ( Z e i s s  company) w a s  formed by a 

J0 .45  mm phase lens  (focus = b); long focus condenser and a 20 enlargement 

eye-piece with a micrometer screw. 

w i r e  (3 mm and a length of 3 cm) s i tua t ed  i n  the  lateral arms of the electro-  

phoret ic  chamber and f i l l e d  with saturated so lu t ion  of CuSO The ins ide  of 

the cel l  w a s  f i l l e d  with Michaelis buffer  at  p H  7, prepared according to the 

The electrodes w e r e  made with capper 

4' 

Bull method C531. 

2.  Procedure 

To proceed with the  electrophoretic.  measurements, t he  red cells ,  suspended 

i n  the buffer ,  w e r e  sucked i n t o  a beaker, s i t ua t ed  under t h e  electrophoret ic  

chamber. The microscope w a s  focused on the  cells  ( c r i t i c a l  point a t  0.21 mm 

from the in t e rna l  surface of t he  an ter ior  w a l l  of the  c e l l ) ,  

F i r s t ,  t h e  ve loc i ty  of t he  f a l l  of the  cells ,  due t o  gravity,  w a s  

measured f o r  5 seconds, then the current  w a s  passed f o r  another 5 seconds, 

always observing the ce l l s '  velocity.  Subtracting from t h i s  ve loc i ty  the  

one due t o  gravity,  the ve loc i ty  of the  applied electric force  w a s  obtained. 

To ca l cu la t e  mobility, an average of 5 readings w a s  made which, divided by 5 ,  
gave ve loc i ty  per second. The ve loc i ty  with which the  red corpuscles move 

per second, per  e l e c t r i c a l  u n i t ,  per volume u n i t  of the electrophoret ic  

c e l l  containing the  red corpuscles, is cal led electrophoret ic  mobility. 

Calculation o f  mobili ty is done i n  the following way: the mobili ty of t he  

red corpuscles, suspended i n  the buffer ,  is expressed a s  ve loc i ty  per 

po ten t ia l  u n i t  of electric f i e l d  imposed on the  red corpuscles. 

The f i e l d  poten t ia l ,  

current  generated, and on 

expressed by the  formula: 

E, w i l l  depend, therefore ,  on voltage used, on 

the  res i s tance  of the buffer. The cor re la t ions  are 

Mobility = distance travelled/time 
E velocity//E = 

4 1 ,  # I I I  

The dis tance is measured by an op t i ca l  system moving the  micrometer s c r e w .  /12( - 
8 ,  . ,  I 



The t i m e  is 5 seconds and the ve loc i ty  is  calculated on t h e  average of 5 red 

corpuscles . 
Fie ld  po ten t i a l ,  E, .in v o l t  centimeter, is calculated by the formula 

E = I A A ,  where I is the cur ren t  i n t e n s i t y  expressed i n  amperes ( i n  our 

case = 8 x A is the  measure i n  cm2 of the area of the sec t ion  

of the  e lec t rophore t ic  ce l l  ( A  = 1.1 x 0.1 = 0.11 e m  ), and A is the spec i f i c  

conductivity of t he  red corpuscles with a spec i f i c  buffer.  For our Michaelis 

buffer it w a s  = 1/60. 

amperes). 
2 

From t h i s  w e  can deduce t h a t  i f  I is constant,  E w i l l  

be 

E = - -  I 6o = 4.36 volts/cm. . '  
. .  A A - ' 11 x 

. .  
Typical exiunple: 

- ' 5.8 = 1.33 p,/sec/volt/cm. 
;- 4.36 

The s e n s i t i v i t y  of the.method is such t h a t  a modification i n  more o r  less 

of pH 7 of a mobili ty l a rge r  than 0.01 p/sec/volt/cm is of great s ignif icance.  

3. Resu l t s  

The r e s u l t s  are shown i n  the following t ab le s  I - I1 - I11 - I V  - V - 
VI - VI1 - VI11 - IX - x.- XI - XI1 - XIII. 

In each t ab le  t h e  da t a  r e l a t ed  t o  e lectrophoret ic  mobili ty values of 

red corpuscles expressed in'p,/sec/volt/cm have been preceded by notat ions 

r e l a t i n g  t o  thenyear of observation, the  c l i n i c a l  cha r t ,  the  name, age, p a t i e n t s '  

pa r i ty ,  and now and again by a l l  those notes usefu l  f o r  the p i c tu re  of the  

case. 
.. 

Table I shows the  da t a  r e l a t i n g  t o  the  behavior of e lec t rophore t ic  

ve loc i ty  of red corpuscles i n  6 p a t i e n t s  during the.menstrua1 cycle. 

tests w e r e  made on the  1st and 2nd day of menstruation ( A ) ,  immediately at  

the end ( B ) ,  a t  t i m e  of ovulation (C)., e s t a b l b h e d  by cont ro l  of the  bas ic  

temperature, and 5 days after ovulat ion (D). 

The 

I 1  ' I ,  , I .  I 3 " ' 

I I 13 I i  $ 8  I j '  1 I , I I 2 ,  ' ' I  

. I .  



Table I1 examines t h e , r e s u l t s  of the tests made on women during the 

various periods of pregnancy (GI, i n  labor ( T I ,  and on the f i r s t  (P.1) and 

t h i r d  (P.111) day of confinement. 

Table I11 considers t he  r e l a t i o n s  ex i s t ing  between the  e lec t rophore t ic  

mobili ty of maternal red corpuscles (M) and t h a t  of f e t a l  red corpuscles (F), 

Table I V  r epor t s  the  da t a  deduced from blood taken from pregnant women. 

beyond the  end of gestat ion,  immediately before b i r t h  (M) and i n  t h e i r  f e tuses  

(F) 

Table V r epor t s  the  e lec t rophore t ic  mobili ty values of maternal (M) and 

f e t a l  red corpuscles (F) i n  case of eclampsia. 

- I n  Table V I  w e  have reported the da t a  r e l a t i n g  t o  e lectrophoret ic  mobili ty 

of red corpuscles i n  pregnant women', a t  var ious ,per iods  of gestat ion,  carrying 

dead f e tuses  within the uterus  f o r  t i m e s  varying between 24 hours and 7 days. 

Table V I 1  concerns the  tests i n  case of abortion threat, 

Table V I 1 1  gives the  da t a  r e l a t i n g  t o  the  e lec t rophore t ic  mobili ty of 

maternal red corpuscles i n  the  case of Rh isoimmunization, 

Table I X  gives the  da t a  r e l a t i n g  t o  two cases of ves icu lar  mole. 

In Tables X - X I  - X I 1  - X I 1 1  t h e  r e s u l t s  l i s t e d  relate t o  e lec t rophore t ic  

mobili ty of red corpuscles i n  pa t i en t s  suf fe r ing  from inflammatory a f fec t ions  

of the  geni ta l s  (Table X), from u te r ine  fibroma (Table XI), from malign 

geni ta l  neoplasias i n  various loca t ions  (Tables XI1 and XIXI,). 

. . .  . .  . .. , 

,e 

' f  ' 

. .  
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TABLE I. ELECTROPHORETIC MOBILITY DURING THE MENSTRUAL CYCLE 

(A - Beginning of menstruation; B - End of menstruation; C - Ovulation; 

1 

. D - 5L day after i 'wulatfo,d.  ,I 
, 

1 
2 
3 

5 
' 6  ' 

. 4 (9 

----I 

Pari ty  * 

A.M.T. 
F.W. 
ND. 

C.G. 
PAM. 

BM., 

I 23 I 

26 
25 
43 
26 
29 

1 Case . 

Average (- 
I-- 
( * )  In  t h i s  case the  cont ro l  of t h e  bas ic  temperature did not permit 

- -  

us t o  put i n  evidence the  ovulation (anovulatory cyc le) ,  Good f o r  
C and D w a s  taken on t h e  l5t4 and 2@A day of the  cycle. 

( * * )  Data'of case 4 w e r e  excluded from the  average. 

TABLE 11. ELECTROPHORETIC MOBILITY I N  NORMAL PREGNANCY (G), I N  LABOR ( T ) ,  
ON THE 1st DAY OF CONFINEMENT (P.1) ON THE 3rd DAY OF CONFINEMENT (P.111). 

A 

I.e a 

- 
Cas€ 

- 
1 

. 2  
3 

' 4  
5 
0 
7 
8 

9 
; 10 

11 
. 12 

13 
14 

15 
16 
17 

18 

_ .  

Cl in ica l  
cha r t  

8250 

8324 
8576 

8258 
8309 

8589 

9413 

11431 
11440 
2723 

2806 
'2828 

2941 
2946 
4006 

' 4512 ' 

I 9010 

2802 

I E l  ec trophor e t i c 
mobili ty 

G T P.i P.111 
* e  gnanc 

month 

VIP: 
V I  
VII 
VI 
WII 
VI 

, PX 
111 . 
IX 
IX 
IX 
PX . 
PX 
VIPP 
IIP 
I X  . PIE 
. I X  
I1 
I X  
1 
V '  

Pari' 

i. 

1965 
m 
B 
Is 
m 

m 
m 

m 
n 

1966 
m 
n 
m 

P 

B 

a 

D 

1,17 3.17 

1.19. 1,19 
1.14 . 

1.10 
1-16 
1.16 

1.14 
B.14 B.14 

1,14 1,14 

1.18 1.18 
, 1,16 1.16 

B.10 1.10 
1.14 1.14 

1,12 . 1.12 
1.16 1.16 

.BJ7 1.97 

1.13 P,13 

1.12 

1.18 

1,17 

1.14 
1-14 

RAf. 24 
C.T. 31 
VM. 30 

. RP. ' 28 

I .  



TABLE 111. ELECTROPHORETIC MOBILITY OF FETAL ( F )  AND MATERNAL ( M )  
RED CORPUSCLES 

-. . - .  I _._ - . , - 
Electrophoretic 

TABLE IV. ELECTROPHORETIC MOBILITY IN LATE PREGNANCY 
(MATERNAL RED CORPUSCLES: M) 

(FETAL RED CORPUSCLES: F 1 

Note:  In the tleikignated cases ( * I ,  the, birth was cesarean, 

Commas 

I 



TABLE V. ELECTROPHORETIC MOBILITY I N  ECLAMPSIA 
(MATERNAL RED CORPUSCLES: M) 

(FETAL RED CORPUSCLES: F) 
-- 

?regnancy 
'ge 'Frity month 

- 
24 
32 
28 
32 

26 
26 

26 - V1Il 
24 VI1 
26 - vm 
2s - Ix 

21 

40 -- 

- 
1 . 1965 

3 
4 n 
5 B 
6 (*; 1966' 
7 1) 

8 B 
9 B 

11 m 
12 0 

2 (9 D 

10 (9 8 

. .  

Electrophoretic 
m 0 b i I . i  t y  
M F 

' 1.12 121 
128 - 
133 1.04 
1.23 1,16 

- 

1.19 124 

1.14 1.34 

125 1.12 
128 1,09 

1,09 1 9  
126 
123 1J6 
138 149 

- 

J i n i c a l  
cha r t  

8276 
9544 
10091 
10255 
10311 

' 78 
157 
595 
.I783 
1933 
2143 
2203 

- -  

,' Case 1 Year cha r t  
4 I-- 

1965 8234 
m 8745 
n 
m 

9244 
9613 

P 9i04 
D 9816 

1966 36225 
8 (*) 8 3633 
9 3732 ' 

i, 
i f  
!I  : 

4 

' I  7 

D 

. 

Name 

MC. 
A.C. 
R.O. 
P'A. 

. L.R 
GA. . 
BAA. 
SJa . 
P.G. 
13% 

' LV. 
SA. 

- .- - - - . . . 

Name A Age 

1,145 I 
Averaged 1,288 , .  ... . , -. 1 

... . . 

' ". . 
. -  

Note: In the  designated cases ( * )  t he  b i r t h  w a s  cesarean.. 

Commas represent  decimal points. 

( * )  In  t h i s  case the ex t rac t ion  of,'matgrnal blood was done l e s s '  
than 24 hours a f t e r  the  disappearance of the  BCF. 

I '  

Commas represent  deci  

1 '  I 

17 
1 ,  I 

I 1 

I 
* I  

I 



TABLE V I  I ELECTROPHORETIC .. MOBILIT 
I 

C a s €  

_c 

1 
2 
3 
4 
5 
6 
7 
8 (*I 

Year. 

1966 

B 
B 
B 
m .  

. ' . 

I Name X i  ni c a l  
char t  . 

' 

I 
Cd. 
D e M f .  
L L  9 

FA. 
N.E. 
B.A. ' 
M.C. 

* S.C. 

3688 
3798 
3862 
3883 
3885 
3891 
4200 
4373 

A n t i  - 
body 
r a t i o  

1/128 
111024 - 

- 
Elec tr o- 
phoret ic  
mobili tv  

128 
126 
1.18 

Age ( 

37 
29 
31 
38 
32 
37 
3s 
30 

I N  ABORTION THREAT 
1 . .  I 

Par i ty  

- 
I11 
I 
1 
I 

- I V  

, IV 
11 
I11 
XI 
IV 
I1 
I1 

1.14 
1.16 
1.10' 
1.14 
1.18 
1.17 
1.14 

11 I 1.19 1 

t - 
Average 1.15 

1 - .- ._.  . 

( * )  In  t h i s  case 24 hours a f t e r  taking the  blood the abortion 
happened. 

Commas represent  decimal points. 

I 1 

'regnanc 
month 

TABLE V I I I .  ELECTROPHORETIC MOBILITY I N  CASE OF 

I X  
vi11 
IX 
I X  
V I  

. VIII - PX 
1x 
YIIP 

1,18 

122 1.18 

Av-wage 123 1 
J I I 

I I 

Note: In  the' cases marked by ( * )  the  b i r t h  w a s  cesarean. 

Commas represent decimal po in ts .  

TABLE I X e  ELECTROPHORETIC MOBILITY IN CASE OF VESICULAR MOLE 
(BEFORE REMOVAL: PS) 
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Results Analysis 

In  the  o b s t e t r i c s  f i e l d ,  examining first the  da t a  r e l a t i n g  t o  the  tests 

on e lec t rophore t ic  mobili ty of red corpuscles made during the  various phases 

of the menstrual cycle  (Table I ) ,  w e  can immediately observe the constancy of 

the  values  during the  e n t i r e  cycle ,  except i n  the  ov,ulating phase, i n  which w e  

f ind  an average decrease of 0.04 p/sec/tol t / cm.  

L133 

I n  one case only (No. 41, t h e  values  remained constant during the  e n t i r e  

wcle which, on the  bas i s  of the  cont ro l  of the basic  temperature, resu l ted  

because of anovulation. The average va r i a t ion  of 0.04 P/sec/volt/cm i n  the 

ovulatory phase is completely temporary, but is spec i f i c  and not t o  be found 

i n  any other  physiological condition of woman, 

Passing now t o  consider t he  d a t a - r e l a t e d  t o  pregnancy, normal or  pathologi- 

cal, we must give as a premise t h a t  t he  values of electrophoret ic  ve loc i ty  of 

erythrocytes calculated by us i n  a group of t h i r t y  women who w e r e  not pregnant 

nor i n  the  ovulatory phase, and not a f fec ted  by inflammatory disease or neo- 

p l a s i c ,  and of an age between 18 and 45 years;  r e s u l t s  on the average w e r e  

1.32 rt 8.82 p/sec/volt/cm. 

Wring  pregnancy, from the  i n i t i a l  phases ( i n  a case s tudied by us i n  

the  first month of gestat ion,  e lec t rophore t ic  ve loc i ty  w a s  1.14 p/sec/volt/cm, 

Table 11, case No, 18) w e  can observe a considerable decrease of the  e lec t ro-  

phoret ic  ve loc i ty ,  which is averaged, as ,compared t o  the da t a  of nonpregnant 

women, Power than 0.17 @/sec/volt/cm, 

case up t o  the  t h i r d  day of confinement, when the values r e tu rn  t o  normal 

l eve l s  ( P -318 p/see/voIt/cm) e 

This decrease, remains constant i n  each 

t 

These da t a  are i n  complete agreement'with what w a s  observed by Angers and 
I .  

Rottino C463 . 
In  late pregnancy, however ,' the  vaiues  of electrophoret ic  ve loc i ty  of 

I ,  

red corpuscles tend to  increase before b i r th ;  on the average, they are equal 

1.226 P/sec/volt/cm, with an increase,  as compared t o  normal pregnancy values ,  

of 0.081 P/sec/volt/cm (Table IV.). 

, , 
t h i s  case, though, the increase of mobili.ty is even more evident and on an average, 

, '  1 . I ,  4 I 

, Red cgrpyscles ofl pat iep tg  affected: by eclampsia'behave s imilar ly:  i n  

' I I :  

, .  

I 

I 

I 

I 

I 23 
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always i n  comparison with the normal values of pregnancy, it has increased 

0.143 M/sec/vol t / c m  ( Table V) . 
In  the case of intra-uter ine death of the  f e t u s  when b i r t h  has not occurred, 

the value of e lectrophoret ic  mobili ty of the red corpuscles has already re- 

turned t o  the nonpregnancy level ,  i f  the  dirath of the  f e t u s  occurred more than 

24 hours before (Table V I ) .  

When there  is a threa t  of abortion, instead, even i f  it is imminent, w e  

do not f i nd  mobility var ia t ions  with respect t o  the  da ta  relative t o  normal 

pregnancy (Table V I I ) .  

A considerable increase i n  mobili ty (+O,085 P/sec/volt/cm), always i n  

comparison with normal pregnancy, is also found i n  the  case of Flh isoimmuniza- 

tion. The increade does not seem t o  have any r e l a t ion  with the  antibody r a t i o  

(Table V I I I ) .  

the  6m and 9!! month and with antibody r a t i o s  varying between 1/32 and l/l024, 

w e  obtain average values of l.23 M/sec/volt/cm. 

s ign i f icant  i f  w e  consider t ha t  normally the antibodies lower electrophoretic 

In  f a c t ,  i n  a t o t a l  of 9 women i n  the pregnancy phase between 

These da ta  are highly 

mobility of red corpuscles, as w a s  demonstrated by Coultier i n  1921 and 

successively by Sachtleben and Ruhenstroth-Bauer, ‘Sachtleben (1965) thinks 

t h a t  the charge reduction mechanism on the p a r t  of antibodies cons is t s  of the 

f a c t  t ha t  the  molecules of the antibodies.’overcome the negative charges of 

the cel l  surface. 

40 A w e  f ind  t h a t  the  covered p a r t  of t he  cell  surface and the electric charges 

attached t o  it are too  much bel? the new e lec t rokine t ic  surfaces to be able 

to  influence the  electrophoret ic  potent ia l . ,  

A s  the thickness of the antibody molecules is approximately /134 - 
0 

. 
* $  

Observing instead in-bur tests t h a t  the.presence of antibodies i n  the - 
c i rcu la t ing  blood of t h e  pa t i en t s  has increased the  electrophoretic mobility 

of the red corpuscles, it leads u$ t o  conclude tha t  the  Rh type antibodies, 

being monovalent or incomplete, behave i n  a completely d i f f e ren t  way t o  the 

one found by Sachtleben. They, not being agglutinated, do not modify the ionic  

propert ies  of the cell.  

Comparisons which can be made between the values of electrophoretic 

mobili ty of maternal red corpusclea and the fetal corpuscles a t  t he  moment of 

b i r t h  are of importance. WhPle i n  normal pregnancy the fetal values are 



prac t i ca l ly  the same as those of women a f t e r  pregnancy (average 1.337 v/sec/volt/cm 

f o r  f e t a l  corpuscles) (Table 1111, i n  late pregnancy (Table I V )  and i n  

eclampsia (Table VI. The f e t a l  red corpuscles show a slowing down with average 

values of 1.283 p/sec/volt/cm i n  la te  pregnancy, and 1.145 p/sec/volt/cm i n  

ec lampsi a . 

* 

In the gynecological f i e l d ,  while i n  benign tumors (u t e r ine  fibromyoma) 

the values of e lectrophoret ic  mobili ty of the red corpuscles a re  about equal 

to  normal (1.30 W/sec/volt/cm) (Table X I ) ,  i n  the  inflammatory forms of the 

geni ta ls  w e  f ind a very cha rac t e r i s t i c  diminution, i n  comparison t o  normal, 

of 0.086 p/sec/volt/cm (Table X ) ,  

Last ly ,  of great importance are the da ta  i n  the neoplastic affect ions of 

the genitals.  Here, i n  agrleement with Rottino and Angers c5l1, the values of 

microelectrophoresis are lowered to  l i m i t s  t h a t  have not been observed i n  any 

other beni gh a f fec t  i on. 
_ .  

The average value of 0.95 p/sec/volt/cm with movements from 1 t o  0.89 
(Tables X I 1  and X I I I )  has been observed only (Table 1x1 i n  two cases of 

vesicular  mole i n  which, before removal, w e  had the values.0.90 and 0.89, 
respectively,  

Considerations and Conclusions . 

During pregnancy the  electrophoret ic  mobility of red corpuscles is approxi- 

mately 0.2 P Bower than i n  normal conditions, This f igure  has been demonstrated 

to  be exact i n  100% of the  tests made by us and i n  agreement t o  what has been 

observed by other authors (Rottino and Angers C461). 

T h i s  change i n  mobility w a s  observed by us  s ince the end of the first 

month of pregnancy, but i t  might occur a t  an earlier t i m e .  

always demonstrate i t  because it  w a s  not possible f o r  US t o  examine pa t ien ts  

W e  could not 

i n  an earlier. ,period of pregnancy. 
1 . .  

I f  the pregnancy has la  physiological development,, the mobility remains 

low during gestation and during labor,  and re turns  t o  norm.al approximately 

48 hours a f t e r  bir th .  

I The presence of l i v ing  cor ia1  v i l l i ,  I duel to, a ' ,particular oxygen tension 

i n  the  in t e rv i l l ous  ,spaces and the' spec i f ic  n o d i f h a t i o n  ofsithe surface of the  

red,corpuscles ,dtking pregnancy, imposed above a l l  on the phosphoric acid 

I ,  1 , I . * ,  
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groups and the N-acetylneuraminic acid,  demonstrated by Eylar e t  al. c541, 
could represent the correlated f ac to r s  of t h i s  slowing down. 

a "slowing factorY.has been found i n  the  l iqu id  p a r t  of the blood of pregnant 

women (Sagone - Jur la ro)  'C561 which must be considered as the most important 

cofactor i n  the determination of the slowing down of the electrophoret ic  

mobility of red corpuscles. ' 

More recent ly  

.I) /I35 

Also what occurs i n  la te  pregnancy, where electrophoret ic  mobility of 

maternal red corpuscles, 1.266 p/sec/volt/cm, can show the importance of the 

complete v i t a l i t y  of cor ia1  v i l l i  i n  maintaining the cha rac t e r i s t i c  mobility 

of red corpuscles i n  normal pregnancy. The intra-uter ine death of t he  f e tus  

makes the  electrophoret ic  veloci ty  of maternal red corpuscles r e tu rn  t o  normal 

pre-pregnancy values a f t e r  l i t t l e  more than 24 hours. This f a c t  i s  cer ta in ly  

I exploi table  c l i n i c a l l y  when the in t r a lu t e r ine  death of the  f e t u s  is uncertain. 

Instead, as a diagnostic c r i t e r i u m  f o r  pregnancy, the  electrophoret ic  

mobility of the red corpuscles has the  disadvantage t o  be a nonspecific reaction. 

B u t  i t  w i l l  be in t e re s t ing  to  study a t  which t i m e ,  after conception, the  change 

of mobili ty occurs, because t h i s  system.might be used to  ident i fy  presumptively 

the precocious phases of pregnancy. 

Also in te res t ing ,  as col la teraP.diagnost ic  elements, are the  da ta  obtained 

i n  Rh isoimmunization i n  which, though not being able  to show a cor re la t ion  

between antibody r a t i o  and electrophoretic mobility, w e  constantly f ind ,  i n  

the presence of antibodies of the  Rh type, an increase i n  the electrophoret ic  

mobility (on the  average up t o  1.23 p/sec/volt/cm). 
. .  

The f igure,  though found i n  only two cases, of a considerable lowering 

of the electrophoret ic  ve loc i ty  i n  'cases of vesicular  mole, i f  confirmed by 

f u r t h e r  observation, could be a va l id  help i n  the  i n i t i a l  cases having a ' 

'doubtful  symptomatology. Lastly,  the finding i n  the gynecological f i e l d  

of normal eled'trophoretic veloci ty  i n  benign u te r ine  tumors with values, 

on the contrary,  much lower i n  the geni ta l  cancerous forms (1.30 p/sec/volt/cm 

i n  the  former, and 0.95. p/sec/volt/cm i n  the la t ter) .  and contemporary data  

which shows i n  genital i n f l d a t i o u s  a certain lowering of the mobili ty 

( 1.234 )l/sec/vol t/cm') not reaching the  levels of ' the cancerous f oms, permits 

us to ascr ibe to cel'lulw niickophoreais a~.,diaghoatic p o s s i b i l i t y  of great 
8 1  , I ) I I I  

$ 1  1 1 .  

t - .  

. .  . .- . 
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importance. In  f a c t ,  having found electrophoret ic  values nearly normal 

(1.28 p/sec/volt/cm) i n  a case' of suspected relapsing epithelioma of the 

por t io  (case No. 9 - Table X I I ) ,  even before knowing the r e s u l t s  of the  

h is to logica l  examination, could have permitted us t o  exclude a relapse. 

In  conclusion, w e  can state t h a t  more research is needed on the problems 

t i e d  t o  microelectrophoresis of red corpuscles, i n  order t o  be able  to  assign 

t o  t h i s  very fascinat ing method a r e l i a b l e  diagnostic ro l e ,  though limited 

i n  respect  t o  our d isc ip l ine ,  i n  the  f i e l d s  explored in'our study. 

c J  

. .  
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